In this paper, we present general method for the solving the field equation of Einstein -Power law Maxwell-Scalar gravity in n + 1 dimension with Liouvill potential. The corresponding solution lead us to achieve some thermodynamics quantity of black hole. On the other hand, in QCD the QQ bound state represents a balance between repulsive kinetic and attractive potential energy. Also, in a hot quark-gluon plasma, the interaction potential experiences medium effects. In that case, the color screening modifies the attractive binding force between the quarks, while the increase of entropy with QQ separation gives rise to a growing repulsion. The jet quenching and entropic force parameters play important role in binding and dissociation length of quark-antiquark. For this reason, we take advantage from AdS/CF T correspondence and obtain the jet quenching and entropic force for the Einstein -Power law Maxwell-Scalar gravity solution. We note that, the effects of p from power law Maxwell field on the jet quenching and entropic force parameters are shown by some figures.
I. INTRODUCTION
In this paper we use AdS/CF T duality and obtain some important parameters in QCD and hydrodynamics. As we know the corresponding duality for the first time is introduced by Maldacena [1] . According to the Maldacena conjecture [1] , the strongly coupled gauge theories with conformal symmetries (CF T ) in n dimensional are corresponding to theories of gravity in n + 1 dimensional in anti-de Sitter (AdS) space-time which is known as AdS/CF T correspondence in zero temperature. But, in finite temperature the strongly coupled gauge theories correspond to gravitational theory in AdS black hole [2] [3] [4] [5] [6] [7] [8] . So, in that case the gravitational theory of black hole is a thermal system and also it has some thermal properties [9] . So, black hole play important role to understand AdS/CF T correspondence at finite temperature. In this paper, we use the AdS/CF T correspondence in power-law Maxwell field system and calculate jet quenching parameter and entropic force. So, for this reason first we are going to explain generally power-law Maxwell field solution. As we know the present epoch, the universe has a positive acceleration which is described by the standard Friedmann model [10] [11] [12] [13] [14] [15] [16] . We note that the Einstein's gravity with dilaton scalar fields and some low-energy limit of string theory play important role in several aspect of cosmology. On the other words from low-energy limit of string theory, one can reach to Einstein's gravity along with a dilaton scalar field [17] [18] [19] [20] . The most important theory in such direction will be dilaton gravity including power-law Maxwell field term [21] . If we look at to the corresponding theory we will see in the case of scalar field for particular power of the massless Klein-Gordon Lagrangian in arbitrary dimensions [22] and also for electrodynamic Lagrangian in higher dimensions we have conformal invariance. Here we mention that Lagrangian
is conformally invariant (n + 1)-dimensions in Maxwell Lagrangian [23] . But , the Maxwell Lagrangian F µν F µν is conformally invariant only in four dimensions. This power-law
Maxwell field term in action play important role for the breaking of conformal invariance, so this will be motivation for the employing such theory for the calculating some parameter in QCD.
On the other hand, we take advantage from such action and metric background and discuss two phenomena in particle physics as a jet quenching and entropic force. First we are going to give some review to the jet quenching and its properties in QCD. As we know deconfined quark-gluon plasma (QGP 's) are created in ultra relativistic heavy-ion collision BNL, Relativistic Heavy Ion
Collider(RHIC) and the CERN Large Hadron Collider(LHC) [24] [25] [26] . Two of the most striking properties of QGP 's are the perfect (minimally viscous) fluidity as quantified by their shear viscosity to entropy density η s ∼ 0.1 − 0.2 [27] [28] [29] [30] [31] and the strong quenching of high energy jets quantified by the normalized jet transport coefficientq T 3 [32] [33] [34] .
Also from RHIC and LHC experiments shown that the quark gluon plasma (QGP ) are strongly coupled. Thus, one can not use the perturbation theory in such regime . Fortunately, the AdS/CF T correspondence provides a the suitable method for calculating the quantum chromodynamics (QCD) parameter, one of these parameters is jet quenching . In particle physics when heavy ions collide to each other, they are fragmented and produced quark-antiquark will end up back-to-back jets. The quarks have to travel a long way into the QGP , in that case they will lose energy in this process. This is jet signal which is received by the detector, such phenomenon is called jet quenching. These produced quark-anti quark as a form of jet give us information about the interaction of the fluid and corresponding particle [36] [37] [38] [39] [40] [41] [42] [43] . Also, second step we discuss on the entropic force in quarkonium system in QCD. As we know the concept of entropic forces will be result of many-body phenomena and also will be interesting in several branch of physics.
Here we note that the effect of such force arises from thermodynamic drive of a many-body system to increase its entropy rather than microscopic system. In that case the more evidence for the describing entropic force coming from Erik Verlindes paper [35] . For the first time he proposed that the gravitational force will be form of entropic force with some isotropic and homogenous background. He extended such theory for the Einstein equation and also obtained all equation in cosmology. On the other hand, we have gauge theory in section of high energy physics such as QCD. This theory included abelian and non abelian gauge fields which is bridge between all of interaction of nature. Also Erik Verlinde take entropic force and extend such topic to abelian, non abelian gauge and different matter fields.
The ref [44] [45] [46] [47] , discussed quarkonium binding and entropic force. He studied quarkonium binding in terms of potential and shown that the relevant potential is the free energy different F (T, r) between a medium with and one without QQ pair. Also he proved that by increasing of the internal energy U (T, r) with increasing separation distance r and completely correspond to repulsive entropic force. So here we understand that the entropic force also play important role in binding energy in QQ [44, 48] . These information give us motivation to take power-law Maxwell field solution and investigate jet quanching parameter and entropic force. Such investigation may be interesting for the description some phenomena in QCD and also cosmology. The structure of the paper as follows; In section II, we present general method for the solving the field equation of Einstein -Power law Maxwell-Scalar gravity in n + 1 dimension. In that case, we consider Liouvill potential and obtain black hole solution. Also, we arrange the parameters of the black hole in the corresponding theory. In section III, we take Nambu-Goto action with τ , σ coordinates for the parametrization the world-sheet. So, in order to obtain the jet quenching parameter, we employ holographic description which is related to the Wilson loop joining two light-like lines. Also, we take the corresponding metric background in Nambu-Goto action and use Wilson loop one can achieve the jet quenching parameter. In section IV, we study the entropic force quark-antiquark in distance L. In this section, for obtaining the entropic force, one needs to calculate entropy (S), temperature (T ) and quark-antiquark distance (L) through AdS/CF T correspondence. Finally in last section we have some conclusion and suggestion.
II. A REVIEW OF POWER-LAW MAXWELL FIELD SOLUTION
Now we are going to investigate power-law Maxwell field action. So, the action for Einstein gravity coupled to a dilaton field with power-law Maxwell filed will be following form,
where φ is dilaton field and V (φ) is the potential for the dilaton field. p is degree of nonlinearity of Maxwell field and α is strength of coupling of the electromagnetic and scalar field. In order to have solution for the corresponding action, one can consider the dilaton potential with three
Liouville-type as [21] ,
so black hole form solution will be following [21] ,
where
where k can be -1, 0, 1 and b is a positive constant and also we have following values for γ, Π, ζ 1 ,
By using the Einstein equation and field equation, one can arrange R(r) and φ(r) as [21] ,
and
As we know the holography as a gauge/gravity duality is a powerful to study the QCD and hadron physics. On the other hand the dynamics of a moving quark and the motion of a quarkantiquark pair in a strongly coupled plasma in the context of gauge/gravit also be important for the particle physics phenomena. Also, in dual theory, the black hole object play important role for the obtaining some parameter in QCD. Because black hole is thermal object and can be source of some temperature and heat. So, we are going to obtain thermodynamics properties, such as
Hawking temperature.
First of all we use the equation f (r + ) = 0, and obtain m, which is given by [21, 49] ,
In order to determine Hawking temperature, we must calculate the T =
4π , so one can obtain following equation,
where here Λ is the cosmological constant [35] and we assume the l = 1. In the holography point of view the cosmological constant play as a pressure.
The importance of jet quenching and entropic force in QCD lead us to obtain such parameters with use of gauge/gravity duality tools. So we take above information and black holes with powerlaw Maxwell field and obtain the jet quenching parameter and entropic force.
III. THE EFFECT OF POWER-LAW MAXWELL FIELD ON JET QUENCHING PARAM-ETER IN QCD
As we know the AdS/CF T correspondence help us to obtain some important parameters in
QCD.
For example in such context we calculate the jet quenching parameter, with use of the some metric background. So, in this section we analyze the behavior of the jet quenching parameter for the power-law metric background (3). Therefore, in order to calculate the jet quenching parameter, we generally consider the light-cone metric. We will take the Nambu-Goto action with τ, σ coordinates for the parametrization the world-sheet. So, in the holographic description, the jet quenching parameter is related to the Wilson loop joining two light-like lines with following equation,
where W A (C) is adjoint Wilson loop and C is a null-like rectangular Wilson loop formed a dipole with heavy QQ pair. The quark and antiquark are separated by a small length L and travel along the L − direction. Also, by using relations
one can obtained jet quenching parameter with following formula,
where < W F (C) > is Wilson loop in the fundamental representation and S I = S − S 0 . Here S is the total energy of the quark and anti-quark pair and S 0 is the self-energy of the isolated quark and anti-quark. In that case the S I is the regularized string world-sheet action.
We are going to start the following metric background and calculate the jet quenching parameter,
and apply following light-cone coordinates,
so, we have
We pick out the static gauge as τ = x − and h 22
. We consider that the quark and anti-quark pair are located in y = ± L 2 , in that case the string profile is completely obtained by r = r(y). The only variable on the string world-sheet are x − = τ and σ = x 2 = y and other coordinates such as x + , x 3 , ... are constant. Therefore, we have string induced metric as,
In the other hand, we take r = r(y), dr 2 = r ′2 dy 2 , where r ′ = dr dy . So, one can rewrite ds 2 as,
In this case one can arrange the metric as,
The Nambu-Goto action will be the following,
where 1 2πα ′ is string tension and α ′ is related to the 't Hooft coupling constant with
We consider AdS radius equal one. In the above formula the lagrangian density does not depend to y explicitly , then corresponding hamiltonian is conserved and one can write following,
where E is the constant energy of motion which is given by,
One can obtained the equation of motion for r as,
Now, we insert this relation into Nambu-Goto action and we have,
Two ends of string has located in turning points (y = −L/2, y = +L/2). The corresponding symmetry in string , the boundary condition become as r = ± L 2 and r ′ (0) = 0 Equation (25) has two roots, we apply r ′ = 0 and obtain two solution for the f (r). First solution is f (r) = 0 and give us turning point at event horizon r = r h . The second solution is boundary condition in turning point which is,
where r = r min specify turning point near the boundary. We note here in near boundary E is very small and we have f → r 2 min R(r) 2 . Also, we note that in (25) the factor under square root is negative near the black hole horizon f (r) → 0 and is positive near the boundary. Of course, we know that r ′2 is a physical quantity that is always positive. We come back to Nambu-Goto action (26) and in small limit E, we have
Since action contains self energies of the quark and anti-quark pair, it has divergency. In order to eliminate the divergence it should be subtracted by the self energy. For this reason, we consider the quark and anti-quark as a straight string that stretched from boundary to the event horizon.
In this case, in (18), we have dσ 2 = dy 2 = 0
and therefore
For obtaining the S I , we subtract two equations (30) and (28),
Now, we try to obtain E in terms of separation parameter from quark anti-quark pair as L. For this, we have y = L/2, then from equation (25), one can write
Then one can write
. (37) we ignore E 2 and then obtain following equation,
By putting this relation into (32), we obtain
Finally, by using the relation (14) , one can obtain jet quenching parameter as,
Numerically in Fig 1(a) , we see the graph of the jet quenching parameter in terms of the black hole temperature. Also in Fig 1(b) , we drawn this parameter in terms of radius of event horizon.
These figures shown that the jet quenching increase with increasing temperature and radius of event horizon.
In Fig 1(c) and 1(d) for different p we drawn the jet quenching with respect to temperature, in that case we choose k = 1 and α = 0.4 and α = 0.6 respectively. In these figures, we find important result. For example, the jet quenching parameter is increased by increasing of the power-law
Maxwell field p.
In the next section, we will study the effect of the power-law Maxwell field on the entropic force. 
IV. THE EFFECT OF POWER-LAW MAXWELL FIELD ON ENTROPIC FORCE
In this section, we try to calculate the entropic force for the power-law Maxwell field . The entropic force is obtained by the following formula [35, 50] ,
where L is quark-antiquark distance and T is the temperature of the system. Thus, for obtaining the entropic force, one needs to calculate entropy (S), temperature (T ) and quark-antiquark distance (L) through AdS/CFT correspondence.
At first, we assume that QGP is at rest and the frame is moving in one direct. In fact, we assume that quark-antiquark is moving with rapidity of η. Therefore, we have to consider different alignments with respect to the plasma wind, parallel(θ = 0), transverse(θ = π/2) and arbitrary direction of the plasma wind. We consider only two first cases. For this reason we boost the frame in the x 3 direction, so that dt = dt ′ coshη − dx ′ 3 sinhη and h 33 dx 3 = −dt ′ sinhη + dx ′ 3 coshη. Inserting these relations in (3) and dropping the primes, we can write:
Now, we first study (θ = π/2) and choose the static gauge which is t = τ and √ h 11 x 1 = σ = y.
In this case, quark and antiquqrk are located at x 1 = +L/2 and x 1 = −L/2 , so the the induced metric is given by dx 2 = dx 3 = ... = 0:
where r = r(σ), therefore dr 2 = r ′2 dσ 2 and finally the induced metric will be rewritten by following form,
We are going to write the Nambu-Goto action of the U -shaped string which connected QQ with together in holographic dimension.
It means that, one can write, where g 1 and g 2 are equals:
Action (46) dose not depend on σ, thus:
where L = g 1 (r) + g 2 (r)r ′2 .
By solving above equation, one can obtained r ′ as
The slope of tangent line for the lowest point in U shape of string is zero, in that case we have r = r c and r ′ c = 0. Therefore,
From (50), we can obtain r ′ , where
In this relation the f (r c ) is determined by (4) with condition of r = r c . By integrating of (51), the separation length of the QQ is obtained by,
Now, we are ready draw LT with respect to ε = r h rc . In fig(2 ) we drew LT numerically for different power-law Maxwell field for fixed rapidity of η. If we look at deeply to Fig(2) , we will see that by increasing p the maximum point of chart decreases. The maximum LT = c shows the separation boundary of quark-antiquark. In fact, if LT > c the quarks are screened, but if LT < c then the fundamental string is connected.
Also for fixed p and various rapidity of η, we have plotted LT with respect to ε. As we can see in Fig(3) , the increasing of rapidity lead us to have large separation boundary. If we contime our calculation for the case of θ = 0, we take same results as before.
In the following, we are going to calculate the entropic force. The entropic force can be obtained by the following form, where T is plasma temperature. In order to calculate the entropic force, we need to obtain equation,
where F is free energy. For θ = π/2 and LT < c the fundamental string connected. In dual theory for calculating free energy one can utilize on-shell action of fundamental string. So, in that case the equations (46) and (51) lead us to have following,
where g * = g 1 (r c ).
By using (55), numerically one can calculate entropy. By taking θ = π/2, fixed rapidity and various of p, in fig (4) we plot S √ λ with respect to LT . In this figure one can see that by increasing p, at first time entropy decreases and then it increases. The entropic force, is related to the growth of entropy with distance and is responsible of the dissociating quark-antiquark. The entropic force is increased by large p and is decreased by large LT . By increasing p the dissociation length will large and after than it will be small. In figure (5), for θ = π/2 and fixed p, one can see that increasing of η leads to decreasing of entropic force. In that case, the dissociation length also increasing. Similar results are obtained by θ = 0.
V. CONCLUSION
In this paper, we used the black hole solution of Einstein-power law Maxwell-scalar gravity.
The AdS/CF T correspondence and black hole solution help us to investigated two important parameter in QCD. One of them is jet quenching parameter and the other one is entropic force.
These quantities give us important information about moving quark-antiquark in quark-gluon plasma media and also it's interaction. The jet quenching shown that how the quark and gluon loses energy in QGP . In that case the entropic force related to dissociation length of quark-antiquark in quark-gluon plasma (QGP ). Our main goal this paper is that, we want to show the effect of p from power law Maxwell field on the jet quenching parameter and entropic force. In order to see such effects, we drew some graph which show us the effect of p on the corresponding parameters. It may be interesting to consider such solution in case of different p for the obtaining the imaginary part of potential. Also, one can continue this solution and discuss the relation between the frequency and diffusion constant for the different values of p.
